Thus the Ephedra plants that are excluded from the Chinese and Japanese pharmacopoeia are still important for their medicinal usefulness.
To protect Ephedra plant resources and prevent the encroachment of the desert, the Chinese government has banned exports of Mahuang since 1999. Most Mahuang used in Japanese traditional medicine (kampo) is imported from China. Aiming at easing the shortage of Mahuang, we surveyed the resources of Ephedra plants in China. In a previous paper, we reported the results of the survey in the Inner Mongolia Autonomous Region, and Sichuan, Hebei, Shanxi, Gansu, and Qinghai provinces that are known habitats of Ephedra plants. 2) We collected specimens of eight Ephedra species, 2) and their phylogenetic relationships were studied in DNA sequence analysis of internal transcribed spacers 1 and 2 (ITS1 and -2) and the trnL (UAA) intron and the intergenic spacer between the trnL (UAA) 3Ј exon and the trnF (GAA) gene (trnL/F) and found that those Ephedra species could be classified into three groups. We developed a simple PCR method for the classification based on the DNA sequence variation between the species in ITS1. 3) We found no variation within a species in ITS and trnL/F in E. przewalskii, E. sinica, and E. intermedia.
This time, we surveyed the resources of Ephedra plants in Xinjiang, located on the west of the previous research sites. With a large area including huge deserts and mountains, Xinjiang has varied vegetation from the neighboring provinces on the east, and it continues with variation to the west. We examined whether there is genetic variation in Ephedra plants according to different habitats and tried determine the relationship among morphology, nucleotide sequence, and content of ephedrine alkaloids.
MATERIALS AND METHODS

Plant Materials
Eighteen specimens of three Ephedra species were collected from different habitats in the Xinjiang Uygur Autonomous Region from July 9 through July 23, 2003 (Table 1 ). All plant specimens were identified by Dr. M.
Mikage.
PCR Amplification and Sequencing of Target DNA Regions Total DNA was extracted from the stem of plants with a DNeasy Plant Mini Kit (Qiagen, Germany). Using the total DNA as a template, ITS1, ITS2, and trnL/F were amplified by PCR as reported previously.
3) The amplified PCR product was purified with a QIA quick PCR Purification Kit (Qiagen, Germany). The purified PCR product was subjected to direct sequencing using a Bigdye Terminator Cycle Sequencing Kit (Applied Biosystems) with ABI PRISM 310 (Applied Biosystems).
Analysis of Ephedrine Alkaloids The alkaloid content was determined by the reported method with slight modification.
4) The HPLC system is composed of a Shimadzu LC-6A pump, Shimadzu SPD-6A detector, and C-R6A recorder. Five hundred milligrams of powdered Ephedra specimen was extracted with 25 ml of a mixed solvent of CH 3 CN : H 2 O : H 3 PO 4 (400 : 600 : 0.4) with 0.4% SDS by ultrasonic extraction for 30 min. Extracts (5 ml) were analyzed with HPLC as followings: column, Devesil ODS-5 Nomura Kagaku (Nagoya, Japan); mobile phase, CH 3 CN : H 2 O : H 3 PO 4 (400 : 600 : 0.4) with 0.4% SDS; flow rate, 0.8 ml/min; column temperature, 40°C. Contents of ephedrine, norephedrine, pseudoephedrine, and methylephedrine were calculated from peak areas of UV absorption at 210 nm by comparing with the standard curve of each compound. Table 1 . Specimens of three Ephedra species, E. intermedia, E. regeliana FLORIN, and E. przewalskii, were collected. We found one specimen, specimen 23-20, that was morphologically identical to E. intermedia collected in Gansu and Qinghai, with bush-like futures, three scaly leaves, and twisted integument tubes (Fig. 1B) . Two specimens, 11-40 and 12-30 (Fig. 1C) , showed different morphology from typical E. intermedia. They were smaller in height and had two scaly leaves. Specimens 15-10 and 17-10 had two scaly leaves, but were taller than specimens 11-40 and 12-30. The habitats of E. intermedia were limited to the northern and eastern parts. E. regeliana (Fig. 1D ) was scattered in the northern part of Xinjiang. We found E. przewalskii (Fig. 1A) Table 2 . The nucleotide numbers of respective regions were found to be 1139 bp for ITS1, 246 bp for ITS2, and 465 bp for trnL/F.
RESULTS
Survey of Ephedra Plants in Xinjiang
In E. intermedia, we found three genomic variations, which were correlated with morphologic change. One specimen, 23-20 (genotype Ei-I), which was collected in the eastern part, showed an identical sequence as in the previous report. The other four specimens with two morphologic types had substitutions at positions 773 and 910 in ITS1 compared with 23-20. Specimens 11-40 and 12-30 (genotype Ei-III) had an additional substitution at position 1004 and an ambiguity of adenine/guanine at 1119, where specimens 15-10 and 17-10 (genotype Ei-II) had guanine.
In contrast to three specimens of E. przewalskii collected in Gansu and Qinghai, which had identical sequences, six genotypes were found in Xinjiang. Specimen 303 (genotype Ep-I) showed the same sequences as that of E. przewalskii in Gansu and Qinghai. Ep-I, -II, and -III, which had the same sequences in ITS1 and trnL/F, showed variation in ITS2. Three specimens of E. regeliana had the same nucleotide sequences, including an ambiguity of adenine/guanine at position 1119 in ITS1.
Ephedrine Alkaloid Content The specimens of E. intermedia contained ephedrine alkaloids (Table 3) , although variation in content was observed. The total content of ephedrine alkaloids varied from 0.46% to 1.81%. On the other hand, although it seems that huge gaps between the habitats resulted in intraspecific variation in DNA sequences, no specimen of E. przewalskii contained detectable amounts of ephedrine alkaloids, and neither did the E. regeliana specimens.
DISCUSSION
Desert covers the most of Xinjiang. It is divided into two parts by Tianshan Mountains, the Gureban-tonggute Desert and Jungger Basin in the north, and the Taklimakan Desert and Tarim Basin in the south. Vegetation in the peripheral areas of the desert consists of thin scrub and dwarf woodlands dominated by representative desert plants such as saxoul (Haloxylon ammodendron) and E. przewalskii.
Many studies reported that there was intraspecific variation in trnL/F according to geographic change. [5] [6] [7] In our survey, we found E. przewalskii had intraspecific variation in 
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Nucleotide numbers were counted from the beginning of the respective regions. ITS1, ITS2, and trnL/F and there was a close relationship between genomic variation and habitat location. Only specimen 303, which was collected near the border of Gansu and Xinjiang, has the same sequences as specimens collected in Gansu and Qinghai. The habitats of specimens belonging to the same genotype were near each other except for that of genotype Ep-IV. We found specimens with genotype Ep-I, Ep-II, Ep-III, Ep-IV, and Ep-V in the north, and genotype Ep-IV and Ep-VI in the south part. Proceeding along northern or southern edge of the deserts from east to west, DNA sequences of the specimens of E. przewalskii continuously changed. Geographic factors may thus affect DNA sequences. E. regeliana grows in the northern part of Xinjiang. E. regeliana had DNA sequences similar to E. przewalskii genotype Ep-V, whose habitat is also located in the northern part. Interestingly, there were no detectable amounts of ephedrine alkaloids in E. regeliana, although there was a report that E. regeliana collected from Pakistan contained ephedrine and pseudoephedrine. 8) There may be a close relationship between E. regeliana and E. przewalskii, although this conclusion can not be deduced from the morphology.
Three genotypes of E. intermedia were different morphologically as well as genetically. In spite of morphologic and genetic variations, they all showed high contents of ephedrine alkaloids. Furthermore, except for specimen 12-30, they contained more pseudoephedrine than ephedrine, which is characteristic of E. intermedia. 9) From the survey of Ephedra plants in Xinjiang, we conclude that medically useful Ephedra plants are still abundant, and that they show variations compared with those from the other eastern regions in China.
